environmental impacts on the Earth resulting from human consumption and production in relation to key products and materials.
Within the European Union, the impact of climate change varies among its member countries; the highest risk areas are in the south (in the Mediterranean basin) while air pollution is much less severe in Scandinavia. Despite these differences in air quality, all EU countries are making great efforts to reduce their emissions from industry, vehicles, power plants, and domestic and agricultural sources [4] .
Of the pollutant gases, CO 2 is of primary concern. It traps heat, giving rise to the greenhouse effect, and is classified as the gas producing the most impact on air quality in all regions [5] . Its concentration in the air is due to the burning of fossil fuels and to the disappearance of forests and woodland [6] . Another contaminant is sulphur oxide, which as SO 2 or SO 3 is partially responsible for acid rain and is formed, among other causes, by the combustion of coal and oil, by metalworking, and by volcanic activity. Oxides of nitrogen take the form of nitric oxide, nitrogen dioxide, or nitrous oxide. The first two influence the destruction of the ozone layer and are also involved in acid rain, and are largely caused by vehicle emissions.
Ammonia is another primary pollutant containing nitrogen, although it normally provokes low levels of emissions to the atmosphere. Of the volatile organic compounds, the most abundant is methane, which has a major influence on the greenhouse effect and is emitted into the atmosphere from agricultural and livestock activities, waste treatment, etc. Other volatile organic compounds or hydrocarbons play a significant role in the reactions that cause photochemical smog, and are produced mainly by natural processes.
Several studies have analyzed different types of air pollution in relation to persistent organic pollutants [7] and the effects of economic growth on gas emissions [8] .
In the present paper, we analyze the spatial behaviour of the levels of emissions within the European Union, using a geographic information system [9] , as has been done in earlier studies involving different spatial areas, usually in urban or metropolitan areas [10] [11] . An important consideration is that the great size of the study areathe entire EU -complicates both data collection and the management of the variables to be analyzed.
Material and Methods
For the statistical analysis addressed in this study 1 we selected a series of variables that influence air quality. First we considered those related to the emissions of polluting gases such as sulphur oxides, nitrogen oxides, ammonia, and non-methane volatile organic compounds [12] . In addition, we took into consideration the population of 1 Croatia joined the EU on 1 July 2013. The data analyzed in this study had been extracted prior to 2013, so 27 countries were considered. each area, as this factor is a determinant of the level of contamination caused by human action. The population size is a strong indicator of the pollution resulting from development in industry, agriculture, transport, and other sectors. The population data selected were those for 2009 [13] . Furthermore, rainfall gradually cleans the atmosphere and the ground, and so total water extraction 2 (in millions of m 3 ) [14] was taken as a possible impact variable. Data on the area of woodlands and forests 3 [15] are also useful for measuring the degree of potential air purification. The relationship between degradation of forests and levels of air pollution is well established [16] . In our study, the total surface area [17] of each country was used to weight the above variables and thus standardize the compiled data.
In the analysis of the spatial dimension of the data, the regions are no longer considered as independent geographical bodies in order to incorporate the possibility of spatial interaction [18] . Spatial autocorrelation can be defined in a number of manners: Sokal and Oden [19] , Tobler [20] , and Upton and Fingleton [21] ; following Cliff and Ord [22] , it can be defined in this manner: "if the presence of some quantity in a county (sampling unit) makes its presence in neighbouring counties (sampling units) more or less likely, we say that the phenomenon exhibits spatial autocorrelation." Moran's Index [23] [24] is commonly employed to measure spatial autocorrelation, calculated via the following equation:
…where n is the number of countries and W = (w ij ) is the matrix of spatial weights that determine the degree of contiguity between zones i and j. In this paper the w ij contiguity measurement is considered as the inverse of the distance between capitals in each of the countries analyzed. The values of Moran's index oscillate between +1 (representing a strong positive spatial correlation) and -1 (representing a strong negative spatial correlation), while where no spatial correlation exists the index values will be close to zero.
Results and Discussion
As can be seen when the information is presented using a geographical information system [25] , the population density is quite high in small countries such as Malta 2 Water removed from any freshwater source, either permanently or temporarily. Mine water and drainage water as well as water abstractions from precipitation are included, whereas water used for hydroelectricity generation (in situ use) is excluded. Air Quality Analysis... ) and Sweden (22.6) . This situation strongly affects levels of air pollution; thus, Malta recorded the highest levels of all types of air pollution in the EU in 2009, which shows consistency with the environmental problems facing Malta, some of which have been addressed by different institutions, including the European Parliament [26] . Although no data are available for the forested area in Malta, the relationship between population density and forest area is apparent; for the EU as a whole, the value of Pearson's linear correlation coefficient [27] is -0.56 (p-value = 0.003) and these variables are significantly related to pollution levels.
The forest index (calculated as the ratio of forest area to total surface area) is high in Finland (0.726) and Sweden (0.686) and much lower in countries like Ireland (0.106; although here the total forest area has increased by 59% since 1990), and the Netherlands (0.107). This indicator has increased in all countries since 1990. The average forest index for the EU in 2010 was 0.34, which represents an increase of 13% since 1990, indicating that the overall situation in the EU has improved markedly in recent years and that the forestry policies being implemented are proving effective.
The The extreme values recorded for all the analyzed variables ( Fig. 1) show that Malta and the Netherlands can be considered to show extreme outlier data in the EU, while in many cases Belgium is the 'standard' outlier. These data about Malta, Netherlands, and Belgium are in accordance with those described in the 2015 United Nations annual report [28] , which states that concentrations of particulate matter and nitrogen oxides exceed the EU limit values. The evolution of Malta's greenhouse gas emissions is analyzed in [29] .
Moran's I statistic for spatial autocorrelation was determined for each variable (Table 1) , using the distances between the capitals of each country as weights. This statistic follows a normal asymptotic distribution under the hypothesis of independence of observations, which allows us to construct a test to measure the significance of the spatial autocorrelation [22] .
Moran's I statistic determines whether the values of a variable are spatially clustered, dispersed, or are random. It usually takes values in the interval (-1, 1) . If the values are grouped spatially, the indicator is positive and if they are dispersed it is negative. Values close to zero indicate randomness in the spatial distribution of observations [30] . In our case, the value is positive for all the variables analyzed, although the associated p-value leads us to reject the hypothesis of randomness in the spatial distribution only for the Forest Area, CO 2 , and Ammonia variables, for which the Index I values are 1.1397, 0.1339, and 0.0712, respectively.
We make use of the existence of spatial clusters to apply cluster analysis of spatial patterns [31] , by which missing values are replaced by the mean of the series. Hierarchical methods are used with the standardised variables (centroid clustering and Euclidean distance in the construction of the distance matrix), and the dendogram (Fig.  2) is obtained using R-project [32] .
The first cluster is the largest, and consists of 14 countries: Austria, Bulgaria, Cyprus, Czech Republic, France, Greece, Hungary, Lithuania, Poland, Portugal, Romania, Slovakia, and Spain. The second is comprised of Estonia, Finland, Latvia, Slovenia, and Sweden. The third contains Denmark, Germany, Italy, Luxembourg, and the United Kingdom. Ireland joins the latter at some distance, followed by Belgium, the Netherlands, and especially Malta, at very considerable distances and thus forming isolated clusters: Ireland (4 th cluster), Belgium (5 th cluster), the Netherlands (6 th cluster), and Malta (7 th cluster). The centroids of these clusters (Table 2 ) reveal the differences between them: Cluster No. 1, the most numerous, presents average-level values for all variables; No. 2 presents low values for population density, high ones for forest cover, and low emission rates; while No. 3 has the highest population density, a low forest area, and relatively high levels of emissions. With respect to the countries forming isolated clusters, Belgium and the Netherlands have high values of population density, low levels of forest cover, and high emission values (these characteristics are magnified in the case of Malta, which represents an extreme case within the EU). Population density is a very important factor with respect to the other variables; a high population density directly impacts air pollution and indirectly on the forest area [33] . CO 2 levels are positively related to emissions of NO 2 , ammonia, and other compounds, but are inversely related to emissions of sulphur oxides.
Conclusions
In summary, different patterns of behaviour can be found among EU countries for atmospheric indicators that impact the environment (Fig. 3) . Among the clusters formed by a single country, the case of Malta stands out because of its bad records: the population density is high, and emissions of sulphur oxides, nitrogen oxides, ammonia, and other compounds are extreme. A similar Table 2 . Cluster centroid for European Union variables. Fig. 3 . Cluster for EU membership by each country.
pattern, although less extreme, is found in the Netherlands and in Belgium, where, in addition, levels of CO 2 and nitrogen oxide are high. However, these two countries present levels of freshwater extraction that are well above the EU average. As mentioned above, the outcomes for Malta, the Netherlands, and Belgium are in accordance with those described in the 2015 United Nations annual report, which states that concentrations of particulate matter and nitrogen oxides exceed the EU limit values.
The mean EU value could be associated with cluster No. 1, while No. 2 would be considered as more acceptable, being represented by a relatively low population density, considerable forest cover, and low levels of emissions to the atmosphere. Cluster No. 3 consists of countries with below-average results, with high population densities, low levels of forest area, and relatively high levels of emissions.
The analysis performed allows us to establish groups of countries according to their emissions. Regardless of these results, very high overall quantities are observed. Global harmonization of government emission control policies is therefore necessary.
